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1 0 FIELD OF THE DISCLOSURE 

The disclosure generally relates to a method and device for sensing the 
temperature on a molten metal vehicle and, more particularly, relates to sensing and 
normalizing the temperature variations on a molten metal vehicle during the pouring 
of molten metal from the molten metal vehicle. 
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BACKGROUND OF THE DISCLOSURE 



Rail vehicles that are manufactured to transport molten metal are usually 
referred to as "torpedo cars" or "ladle cars". These torpedo cars are filled, through an 
orifice located on the upper part of the car, with molten metal which may reach 

20 temperatures in excess of 2000°F. To remove the molten metal, the torpedo car body 

is rotated to its side, thereby allowing the molten metal to flow through the orifice out 
of the torpedo car. Eventually, the torpedo car through repeated use or through 
factors such as poor workmanship or inferior material, will experience a breach of the 
torpedo car body, thereby allowing the molten metal to spill. 

25 To prevent such a spill from occurring, many foundries have implemented 

proactive maintenance programs to detect potential points of weakness or thinness on 



- 1 - 



Patent 29123/38750A 



the torpedo body, prior to failure. As part of the maintenance program, foundries 
traditionally use two thermal scanners or cameras mounted on either side of the 
torpedo car tracks to capture an image of the underside of the torpedo body as the 
torpedo car passes by. The resulting image, and more specifically, the resulting hot 
spots that are revealed by the pair of thermal scanners or cameras are then used to 
determine if and where the weak or thin areas are located on the torpedo body. 

Unfortunately, due to the narrow field of view of the thermal scanners or 
cameras and due to their limited mounting positions for obtaining an image of the 
underside of the torpedo car body, certain areas of the underside of the torpedo car 
body are blocked or missed, creating the possibility of missing thin and weak areas. 
To obtain a larger field of view, a larger or wider lens or one or more thermal imagers 
may be used, thereby eliminating or reducing the size of the missed areas on the 
underside of the torpedo car body. However, the images that are produced by the 
thermal imagers may be distorted, due to the size of the lens required to obtain the 
proper field of view. Additionally, a disadvantage to using more than one of the 
thermal cameras or scanners, or the thermal imagers as described above, is the cost of 
having to obtain and maintain a pair of thermal cameras, scanners, or imagers. 

Furthermore, due to many varying factors such as ambient temperatures, 
humidity levels, general weather conditions such as rain, snow, and the hotspots that 
are revealed by the thermal scanners or cameras can vary greatly on the same torpedo 
car depending on the those same varying factors. The lack of compensation for these 
varying factors may, therefore, provide for inaccurate temperature measurements. 
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SUMMARY OF THE DISCLOSURE 
In accordance with one aspect of the disclosure, a method of sensing the 
temperature of a molten metal vehicle is provided. In one exemplary embodiment, 
the method includes utilizing at least one thermal imager located to the side of the 
5 molten vehicle during the dispensing of the molten metal and capturing at least one 

thermal image. The method further includes obtaining an area of the dispensing 
molten metal from the thermal image and determining the rotational position of the 
molten metal vehicle based on the area. 

In accordance with another aspect of the disclosure, a method of sensing the 
10 temperature of a molten metal vehicle is provided. The method includes capturing at 

least one thermal image of the molten metal vehicle using at least one thermal imager 
and realizing a plurality of pixels from the thermal image. The method further 
includes replacing distorted pixels from the captured image with non-distorted pixels 
from a look-up table, thereby obtaining a thermal image representative of the molten 
1 5 metal vehicle. 

In accordance with another aspect of the disclosure, a method of sensing the 
temperature of a molten metal vehicle is provided. In one exemplary embodiment, 
the method includes providing a thermal imager to capture a thermal image of the 
molten metal vehicle thereby obtaining at least one of a reference temperature and a 
20 hot spot temperature. The method further includes calculating a normalized hotspot 

temperature from the hotspot temperature, the reference temperature, and from earlier 
obtained temperature data relating to the molten metal vehicle. 

In accordance with another aspect of the disclosure, a system for sensing the 
temperature of a molten metal vehicle is provided. The system includes at least one 
25 thermal imager and a controller that is communicably coupled to the thermal imager. 
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The controller is adapted to receive thermal image data from the thermal imager, and 
is programmed to identifying an area of dispensing molten metal from the thermal 
image to determine the rotational position of the molten metal vehicle based on the 
identified area. 

In accordance with another aspect of the disclosure, a system for sensing the 
temperature of a molten metal vehicle is provided. The system includes at least one 
thermal imager and a controller. The controller is communicably coupled to the 
thermal imager and is adapted to receive thermal image data from the thermal imager. 
The controller is programmed to realize a plurality of pixels from the thermal image, 
and to replace distorted pixels with non-distorted pixels from a look-up table. 

In accordance with another aspect of the disclosure, a system for sensing the 
temperature of a molten metal vehicle is provided. The system includes at least one 
thermal imager and a controller. The controller is communicably coupled to the 
thermal imager, and is adapted to receive thermal image data from the thermal 
imager. A memory is communicably coupled to the controller, and stores past molten 
metal vehicle temperature data. The controller is programmed to obtain current 
temperature data from the thermal image, and to calculate a normalized hotspot 
temperature from the current temperature data, and the past temperature data. 

These and other aspects and features of the disclosure will be more readily 
understood upon reading the following detailed description when taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an isometric view of one exemplary embodiment of a temperature 
sensing system as constructed in accordance with the teachings of the disclosure; 
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Fig. 2 is a side view of a torpedo car in an upward position; 

Fig. 3 is an end view of the torpedo car of Fig. 2; 

Fig. 4 is a side view of the torpedo car in a pouring position; 

Fig. 5 is an end view of the torpedo car of Fig. 4; 

Fig. 6 is a side view of the torpedo car in the upward position, and also 
depicting identification numbers and perimeter lines; 

Fig. 7 is a thermal image of a side of a torpedo car in the upward position; 

Fig. 8 is a thermal image of the side of a torpedo car in the pouring position; 

Fig. 9 is a thermal image and a corresponding temperature gradient of the side 
of a torpedo car in the upward position (upper image) and in the pouring position 
(lower image); 

Fig. 10 is an exemplary routine that may be performed during the operation of 
the temperature sensing of the torpedo car; 

Fig. 1 1 is a block diagram of the electronic components of the thermal 
imaging system; 

Fig. 12 is a corrected thermal image; 

Fig. 13 is a distorted thermal image. 

Fig. 14 is a trend graph representing uncorrected thermal values over a period 
of time, of a torpedo car; 

Fig. 15 is a normalized trend graph of the thermal values of Fig. 14; 

Fig. 16 is a trend graph representing uncorrected thermal values over a period 
of time, of a torpedo car; 

Fig. 17 is a normalized trend graph of the thermal values of Fig. 16; and 

Fig. 18 is a flowchart of one embodiment of the temperature sensing method 
in accordance with the teachings of the disclosure. 
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While the disclosure is susceptible to various modifications and alternative 
constructions, certain illustrative embodiments thereof have been shown in the 
drawings and will be described below in detail. It should be understood, however, 
that there is no intention to limit the disclosure to the specific forms disclosed, but on 
the contrary, the intention is to cover all modifications, alternative constructions, and 
equivalents falling within the spirit and scope of the disclosure as defined by the 
appended claims. 

DETAILED DESCRIPTION OF THE DISCLOSURE 
Referring now to the drawings, and with specific reference to Fig. 1 , a molten 
metal vehicle or torpedo car is generally depicted by reference numeral 20. As shown 
therein, the torpedo car 20 includes a body 22, a chassis 24, a pair of mounting 
brackets 26, pivot points 28, and wheels 30 that are adapted to travel along tracks 32. 
The body 22 includes an orifice 34, a first end 36, a second end 38, an upperside 40 
and an underside 42. The body 22 is further adapted to pivot about the pivot points 
28 located at the first and second ends 36, 38, thereby allowing the orifice 34 located 
near the upperside 42 of the body 22, to be rotated from a ninety degree position as 
shown in Fig. 3, to an approximate two-hundred forty degree position as shown in 
Fig. 5. The side to which the orifice 34 rotates is the pour side 44. 

In one exemplary embodiment as depicted Fig, 1, a thermal imaging system 45 
may include a thermal imager 46, thermal imaging software and a controller 48. The 
controller 48, which may be adapted to receive the signals generated by a torpedo car 
sensor 50 (Fig. 11) and the thermal imager 46, may also be adapted to transmit 
signals. The controller 48 may, for example, include a transceiver able to receive 
and/or transmit signals via a wireless or wire technology. More specifically, the 
signals generated by the torpedo car sensor 50 and/or the thermal imager 46 may be 
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transmitted to the controller 48 via a hardwire such as RS485 or telephone 
technology, or via wireless technology, such as RF radio or Cellular Digital Packet 
Data (CDPD), or the like. Similarly, the method of transmitting a signal from the 
controller 48, may be accomplished via any of the above-mentioned or other ways 
readily recognized by those of ordinary skill in the art. 

More specifically, as shown in the block diagram of Fig. 1 1, a number of 
components may comprise the controller 48. The controller 48 in one exemplary 
embodiment may include a program memory 54, a microcontroller or microprocessor 
(MP) 56, a random-access memory (RAM) 58 and an input/output (I/O) circuit 60, all 
of which may be interconnected via an address/data bus 62. It should be appreciated 
that although only one microprocessor 56 is shown, the controller 48 may include 
additional microprocessors. Similarly, the memory of the controller 48 may include 
multiple RAMs 58 and multiple program memories 54. Although the I/O circuit 60 is 
shown as a single block, it should be appreciated that the I/O circuit 60 may include a 
number of different types of I/O circuits. The RAM(s) 58 and program memories 54 
may be implemented, for example, as semiconductor memories, magnetically 
readable memories, and/or optically readable memories or other memories recognized 
by those of ordinary skill in the art. 

Fig. 1 1 illustrates that the torpedo car sensor 50 and the thermal imager 46, 
may be operatively coupled to the I/O circuit 60. Each of the above components may 
be so coupled by a unidirectional or bidirectional, single-line or multiple-line data 
link, which may depend on the design of the component that is used. 

Components may be connected to the I/O circuit 60 via a direct line or 
conductor. Different connection schemes could be used. For example, one or more 
of the components shown in Fig. 2 may be connected to the I/O circuit 60 via a 



Patent 29123/38750A 



common bus or other data link that is shared by a number of components. 
Furthermore, those of ordinary skill in the art will recognize that some of the 
components may be directly connected to the microprocessor 56 without passing 
through the I/O circuit 60. 

The output of the controller 48 may be connected to one or more components, 
including but not limited to, an alarm 64 and a display 66 adapted to receive and/or 
respond to a signal generated by the controller 48. The means by which the signal is 
transmitted can, once again, vary greatly and may be similar or equal to the means by 
which the input signal was received. 

In operation, (as shown in a comparison between Figs. 2 and 4) the already 
filled torpedo cars 20 will pour, at a specific location such as a pour location, a molten 
metal 70 content into a chute or container 72. Located at the pour location is the 
thermal imager 46 mounted and located in a manner allowing the imager 46 to obtain, 
during the pouring of the molten metal 70, an unobstructed view of the side opposite 
the pour side 44 of the torpedo cars 20. 

One embodiment of this operation is depicted graphically in an exemplary 
routine 100, provided in Fig. 10. Once the torpedo car 20 comes to a stop at the pour 
location, the thermal imager 46 may begin capturing images. At a block 102, the 
thermal imaging system 45 may determine whether the torpedo car 20 has come to a 
halt. The thermal imaging system 45 may know that the torpedo car 20 has come to a 
stop by a signal received from the torpedo car sensor 50 indicating that the torpedo 
car 20 has stopped. In an alternate exemplary embodiment, the thermal imaging 
system 45 may determine whether the torpedo car 20 has come to a stop, by 
programming the thermal imaging system 45 to respond to a percentage of the field of 
view of the thermal image. 
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For example, the thermal imager 46 may have a field of view as can be seen in 
Fig. 1 . As the torpedo car 20 comes into view of the thermal imager 46, a percentage 
of the field of view will be occupied by the torpedo car 20, a percentage will be 
ambient surroundings, and a percentage may be miscellaneous objects. The thermal 
5 imaging system 45 may be programmed to consider the torpedo car 20 stopped when 

the percentage of the field occupied by the torpedo car 20 reaches above a 
predetermined number. More specifically, when more than fifty percent of the 
thermal image is occupied by a temperature in the range of two hundred to three 
hundred degrees Fahrenheit (a temperature range that may be representative of the 
10 torpedo car 20) the thermal imaging system 45 may consider the torpedo car 20 to be 

stopped. 

It should be noted at this point that the routine 1 00 is only one of many 
possible routines for sensing the temperature variations on the torpedo car 20 during 
the pouring of the molten metal 70 from the torpedo car 20, and that it is not the 

15 intention of the applicant to limit this disclosure to the routine 100. Furthermore, 

other routines may involve more or less hardware, software and/or steps than are 
disclosed in the routine 100. 

After the thermal imaging system 45 has determined whether the torpedo car 
20 has come to a halt at the decision diamond 102, control may pass to a block 104. 

20 At the block 104, the thermal imaging system 45 may correct distortions found in the 

image taken by the thermal imager 46. The distorted image, as seen in Fig. 13, may 
be distorted due to the type of lens used on the thermal imager 46, but may be 
distorted for other reasons as well. The thermal imaging system 45, for example, may 
contain a distortion correction algorithm so that the image on the screen matches the 

25 proportions seen with the human eye, as seen in the corrected image in Fig. 12. 
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Alternatively, in one exemplary embodiment, the thermal imaging system 45 may use 
a table lookup method which may be able to map input pixel locations to output pixel 
locations, thereby correcting the image in real time. The table may be generated when 
the thermal imaging system 45 determines the camera lens being used, such as a 13 
mm or 25 mm lens. 

For example, once the thermal imager 46 captures an image, that image is 
represented by a number of pixels. An image that is taken in a 320x240 resolution, 
for example, means that the image is made up of approximately 76800 pixels. As the 
image is captured, however, due to lens properties, the pixels that are located toward 
any end of the image become more elongated as they approach the ends (see Fig. 13). 
The image therefore becomes distorted, resulting in an incorrect representation of the 
actual occurrence. To convert the elongated or irregular pixels, the thermal imaging 
system 45 may contain a database or map to allow the thermal imaging system 45 to 
replace an irregular pixel with a predetermined regular or non-elongated pixel, 
thereby producing a proper thermal image and correspondingly proper thermal values 
(see Fig. 12). 

It is worthy to note that the thermal imaging system 45 is able to convert the 
distorted or irregular images to corrected or regular images in real time using the 
database lookup method, thereby reducing the extended conversion time usually 
involved with other methods, such as those involving algorithms. Furthermore, the 
step of correcting the distortion found in the images may occur after and/or during any 
instant an image is captured. For example, as the images are captured in the decision 
diamond 102, the images may be corrected as the thermal imaging system 45 
determines whether the torpedo car 20 has come to a stop. Similarly, as will be 
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described in detail below, the images may be corrected as they are obtained between a 
block 106 and a decision diamond 1 14, or at any other instant an image is captured. 

In one exemplary embodiment, at a block 106, the thermal imager 46 may 
establish a frame of reference relative to the torpedo car 20, by determining the 
boundaries of the torpedo body 22. For example, when the torpedo car 20 comes to 
rest in front of the thermal imager 46, the exact position at which the torpedo car 20 
stops may vary from one to several inches from torpedo car to torpedo car. To 
compensate for this variation in location, the thermal imaging system 45 may 
determine a more exact position of the torpedo car 20 by determining the outline of 
the torpedo car body 22. As best seen in Fig. 8, the thermal imaging system 45 can 
determine the outline of the torpedo car body 22 by realizing the temperature 
variation between the torpedo car body 22 and the ambient surroundings. More 
specifically, the temperature of the torpedo car body 22 may be approximately two 
hundred to three hundred degrees Fahrenheit, and the ambient surroundings may be 
approximately one-hundred twenty degrees Fahrenheit. By establishing the outline of 
the torpedo car body 22, the thermal imaging system 45 obtains a frame of reference, 
such that the thermal imaging system 45 can locate any part of the torpedo car body 
22. For example, as shown in Fig. 6, the thermal imaging system 45 may now be able 
to center the torpedo car body 22 within a frame A, and be able to locate other 
features relative to the frame A, such as the orifice 34 or frames B and B\ Once a 
frame of reference has been established, control may pass to a block 108. 

At the block 108, as shown in Figs. 2 and 7, the thermal imaging system 45 
may first capture images of the torpedo car 20 in the upward position, and more 
specifically, may capture images of the non-pouring side 44 of the torpedo car body 
22 while the orifice 34 is located to the top of the torpedo car body 22. 
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Once the image is captured in the block 108, the thermal imaging system 45 
may determine, at a decision diamond 110, whether the image captured in the block 
1 08 is the image that shows the torpedo body 22 in the maximum flow rate position. 
The thermal imaging system 45 may determine which image corresponds to the 
maximum flow rate position by capturing images of the pouring molten metal 70, 
from underneath the torpedo car body 22, and examining the pouring area of the 
molten metal 70. As can be seen in Figs. 1 and 4, as the molten metal 70 runs from 
the orifice 34 of the torpedo car body 22, the thermal imager 46 has a field of view 
that includes the molten metal 70 as it exits the orifice 34. 

The thermal imaging system 45, as seen in Fig. 8, may now examine the 
captured image taken at the block 1 08 and determine whether the image has the 
maximum amount of molten metal 70 flowing from the orifice 34. More specifically, 
the thermal imaging system 45 can differentiate the torpedo car body 22 (two hundred 
to three hundred degrees Fahrenheit) and the ambient surroundings (one-hundred 
twenty degrees Fahrenheit) from the molten metal 70 which may be approximately 
two thousand degrees Fahrenheit. The thermal imaging system 45 may determine the 
maximum flow rate by calculating the area of the molten metal 70 captured by the 
images, and/or calculating other parameters of the molten metal area, such as height, 
width and/or number of pixels that are representative of the molten metal flow. 

If the thermal imaging system 45 determines at the decision diamond 110 that 
the current image contains the maximum flow rate yet taken during the pouring of the 
molten metal 70 from the torpedo car 20, then control may pass to a block 112. At the 
block 112 the thermal imaging system 45 may save the maximum flow rate image. If 
a previous maximum flow rate image has been saved, the thermal imaging system 45 
may replace that previously saved image with a new maximum flow rate image. For 
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example, as will be made apparent below, the thermal imaging system 45 may take a 
plurality of images of the torpedo car 20 as the torpedo car 20 is in the process of 
dispensing the molten metal 70. As the flow rate of the molten metal 70 increases, the 
thermal imaging system 45 will continue to capture images, some of which may 
5 contain a flow rate greater than in any previous image. The thermal imaging system 

45 may, therefore, replace the earlier maximum image with the new maximum image. 

* 

At the decision diamond 110, the thermal imaging system 45 may, however, 
determine that the current image does not contain the maximum flow rate. For 
example, after the torpedo car 20 reaches the maximum pouring position as shown in 
10 Figs, 4 and 5, the thermal imaging system 45 may no longer receive images depicting 

the maximum amount of flowing molten metal 70. 

More specifically, the torpedo car 20 may eventually be in the maximum 
pouring position as shown in Figs. 4 and 5, at which time, the torpedo car 20 may stop 
rotating toward the pour side 44 and the molten metal 70 may reach its maximum 
15 flow rate from the orifice 34. Once the pour is complete or the torpedo car 20 is 

empty, the torpedo car body 22 may rotate toward the non-pouring side, such that the 
orifice 34 returns to the upperside 42 of the torpedo car body 22. The images 
obtained after the pour is complete may not contain any indication of molten metal 70 
flowing from the orifice 34, and therefore the current image may not contain a greater 
20 flow rate compared to a previously captured image. 

Once the torpedo car has returned the orifice 34 to the upperside 40 of the 
torpedo car 20, the torpedo car 20 may thereafter begin to move. 

After, at the block 112, the thermal imaging system 45 saves the maximum 
flow rate image, or if the thermal imaging system 45 determines, at decision diamond 
25 110, that the image does not contain the maximum flow rate, control may pass to the 
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decision diamond 114. At the decision diamond 114, the thermal imaging system 45 
may determine whether the torpedo car 20 is still in position and has not moved. 

The thermal image system 45 may know that the torpedo car 20 has begun to 
move by a signal received from the torpedo car sensor 50, indicating that the torpedo 
car 20 is moving. In an alternate exemplary embodiment, the thermal imaging system 
45 may determine whether the torpedo car 20 has begun to move by programming the 
thermal imaging system 45 to respond to a percentage of the field of view of the 
thermal image. 

For example, the thermal imager 46 has a field of view as can be seen in Fig. 
1 . As the torpedo car 20 leaves the field of view of the thermal imager 46, a 
percentage of the field of view will be occupied by the torpedo car 20, a percentage 
will be ambient surroundings, and a percentage may be miscellaneous objects. The 
thermal imaging system 45 may be programmed to consider the torpedo car moving, 
when the percentage of the field, occupied by the torpedo car, reaches below a 
predetermined number. More specifically, when more than fifty percent of the 
thermal image is occupied by a temperature below two hundred degrees Fahrenheit (a 
temperature that may be representative of the ambient surroundings) the thermal 
imaging system 45 may consider the torpedo car 20 to be moving. 

If at the decision diamond 114, the thermal imaging system 45 determines that 
the torpedo car 20 has not moved, control may pass again to the block 106 for the 
thermal imaging system 45 to continue capturing images. If, however, at the decision 
diamond 114, the thermal imaging system 45 determines that the torpedo car 20 is 
moving, control may pass to a block 116. 

After decision diamond 114, the block 116 may identify the particular torpedo 
car 20 being scanned. In one exemplary embodiment, the thermal imaging system 45 
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may identify the torpedo car 20 by decoding one of the thermal images as obtained in 
the block 108. More specifically, as shown in Figs. 6 and 7, the torpedo car 20 may 
include a pair of raised numbers 74 (in this instance 18) that are located on and are 
integral to the torpedo car body 22. As can be seen in Fig. 7, the thermal imaging 
system 45 can distinguish the temperature variation between the raised numbers 74 
and the remainder of the torpedo body 22, due to the lower temperature of the raised 
portions 74. With the use of an optical character recognition program (OCR), the 
thermal image obtained of the numbers 74 may now be translated into a recognizable 
identification means, that may be attached to the image saved at the block 112. 

In an alternate exemplary embodiment, a type of thermal fingerprint is 
developed from each individual torpedo car 20, which may then be later used to 
identify any of the torpedo cars 20 that have been fingerprinted. The fingerprint may 
be obtained by converting individual pixel values to binomial values based on 
whether the value is above or below the mean. A pattern may then be matched 
against any stored patterns in a library for the best correlation. A pattern not meeting 
the matching criteria may be assumed to be a torpedo car 20 not yet fingerprinted and 
may be automatically added to the library and given the next sequence number. 

The identification of the torpedo car 20 is, however, not limited to the two 
disclosed above, and may include other forms of identification, such as manual 
identification, identification using an RF tag and reader identification system, or any 
other suitable means of identifying a torpedo car 20. The means in which the torpedo 
car 20 is labeled, is also not limited to numeric, but may also be labeled with letters, 
alphanumeric, or any other from of indicia. 

After the torpedo car 20 is identified, at the block 116, control may pass to a 
block 118. At the block 118, the thermal imaging system 45 may evaluate the image 
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saved at the block 1 12 to determine whether any areas on the underside 42 of the 
torpedo body 22 fail for being weak or thin. The image saved at the block 112 may 
be the image encapsulating the maximum flow rate of the molten metal 70 from the 
torpedo car body 22, and more importantly, is the image encapsulating the underside 
42 of the torpedo car body 22. As can be seen in Figs. 1 and 4, the field of view of 
the thermal imager 46 captures both the flow of the molten metal 70 from the orifice 
34 under the torpedo car body 22, and captures the underside 42 of the torpedo body 
22, at the same time. 

As can best be seen in Fig. 9, the thermal imaging system 45 is programmed to 
display the various temperatures of the image as captured. Above the upper image in 
Fig. 9, is a correlating grid of temperatures which corresponds to the grid on the upper 
image of Fig. 9. Similarly, there is a grid of temperatures under the lower image in 
Fig. 9, which corresponds to the grid on the lower image of Fig. 9. As can best be 
seen at coordinates 5-3 on the upper image of Fig. 9, the approximate temperature of 
the torpedo car body 22 at that location is three hundred thirty-three degrees 
Fahrenheit and is represented by a light color. If the temperature or color on the 
image is above a certain predetermined value the torpedo body 22 may, at a decision 
diamond 120, be deemed to have a weak or thin spot that may jeopardize the integrity 
of the torpedo car body 22. 

If such a determination is made, control may pass to a block 122, where the 
thermal imaging system 45 may activate an alarm 64. The thermal imaging system 45 
may include an alarm 64 configured to activate upon receiving, or failing to receive, a 
signal. As such, in one exemplary embodiment, the thermal imaging system 45 may 
include, as shown in Fig. 12, the alarm 64. Such alarms may be audible, visual, or 



- 16- 



Patent 29123/38750A 

tactile in nature, or may be automated so as to cease operation or take other corrective 
action as needed. 

If, however, at the decision diamond 120 the thermal imaging system 45 
determines that all the temperature values and hence the integrity of the torpedo body 
22 are within the acceptable predetermined limits, the torpedo car 20 passes and the 
routine 100 returns to the block 102 for the thermal imaging system 45 to await for 
the next torpedo car 20. 

In another exemplary embodiment, the temperature of the torpedo car 20 may 
be affected by varying factors such as ambient temperatures, humidity levels, general 
weather conditions such as rain or snow and wind conditions. To account for such 
varying factors, the temperature measured from the torpedo car 20 may go through a 
normalization process, such that more accurate temperature measurement of the 
torpedo car 20 may be obtained. For example, on day one when one or more of the 
varying factors increase the overall temperature of the torpedo car, the hotspot 
temperature measured by the thermal scanners may be approximately five-hundred 
fifty degrees Fahrenheit. On day two, however, when one or more of the varying 
factors decrease the overall temperature of the torpedo car, the hotspot temperature 
measured by the thermal scanners may be approximately four-hundred fifty degrees 
Fahrenheit. When comparing the temperature data of the hotspots of the torpedo car 
over the two days, the user would conclude that the hotspot on the torpedo car is 
decreasing in temperature as usage of the torpedo car increases. This, however, 
would be an incorrect conclusion, which could result in unexpected failure of the 
torpedo car. 

Similarly, if one or more of the varying factors decreases the overall 
temperature of the torpedo car on day one, the hotspot temperature measured by the 
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thermal scanners may be approximately four-hundred fifty degrees Fahrenheit. On 
day two, however, when one or more of the varying factors increases the overall 
temperature of the torpedo car, the hotspot temperature measured by the thermal 
scanners may be approximately five-hundred fifty degrees Fahrenheit. When 
comparing the temperature data of the hotspots of the torpedo car over these two days, 
the user would conclude that the hotspot on the torpedo car is increasing in 
temperature as usage of the torpedo car increases. This, however, would again be an 
incorrect conclusion, which could result in the removal of the torpedo car from 
service when in fact it is still operating within acceptable temperatures. 

One exemplary embodiment of a normalization process is graphically 
depicted in Fig. 12, as exemplary routine 200. Once the torpedo car 20 comes to a 
stop at the pour location, the thermal imagers 46, 47 may start capturing images. At a 
decision diamond 202, the thermal imaging system 45 may determine whether the 
torpedo car 20 has come to a halt. The thermal imaging system 45 may know that the 
torpedo car 20 has come to a stop by a signal received from the torpedo car sensor 50 
indicating that the torpedo car 20 has stopped. In an alternate exemplary 
embodiment, the thermal imaging system 45 may determine whether the torpedo car 
20 has come to a stop, by programming the thermal imaging system 45 to respond to a 
percentage of the field of view of the thermal image as described earlier. 

It should be noted at this point that the routine 200 is only one of many 
possible routines for sensing the temperature variations on the torpedo car 20 and that 
it is not the intention of the applicant to limit this disclosure to the routine 200. 
Furthermore, other routines may involve more or less hardware, software and/or steps 
than are disclosed in the routine 200. Similarly, the steps as described herein may be 
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taken out of order, as long as the intended purpose is accomplished. For example, the 
thermal imaging system 45 may include more or less thermal imagers. 

After the thermal imaging system 45 has determined whether the torpedo car 
20 has come to a halt at the decision diamond 202, control may pass to a block 204. 
5 At the block 204, the thermal imaging system 45 may correct distortions found in the 

image taken by the thermal imager 46. 

In one exemplary embodiment, at a block 206, the thermal imager 46 may 
establish a frame of reference relative to the torpedo car 20, by determining the 
boundaries of the torpedo body 22. For example, as shown in Fig. 6, the thermal 

10 imaging system 45 may now be able to center the torpedo car body 22 within a frame 

A, and be able to locate other features relative to the frame A, such as the orifice 34, 
frames B and B' and frames RP and RP'. Once a frame of reference has been 
established, control may pass to a block 208. 

At the block 208, the thermal imaging system 45 may capture one or more 

15 images of the torpedo car 20 with one or more thermal imagers. More specifically, 

the thermal imager 46 may capture an image of the first side of the torpedo car 20, 
and the thermal imager 47 may capture an image of the second side of the torpedo car 
20. However, as will become apparent later, the number of thermal imagers may be 
one or more, as long as the necessary thermal data can be obtained from the thermal 

20 image(s). 

After block 208, a block 210 may identify the particular torpedo car 20 from 
which the images are being captured. In one exemplary embodiment, the thermal 
imaging system 45 may identify the torpedo car 20 by decoding one of the thermal 
images as obtained in the block 208. More specifically, as shown in Figs. 6, the 
25 torpedo car 20 may include a pair of raised numbers 74 (in this instance 18) that are 
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located on and are integral to the torpedo car body 22. With the use of an optical 
character recognition program (OCR), the thermal image obtained of the numbers 74 
may now be translated into a recognizable identification means that may be attached 
to the image saved at a block 220. 

The identification of the torpedo car 20 is, however, not limited to the one 
disclosed above, and may include other forms of identification, such as manual 
identification, identification using an RF tag and reader identification system, or any 
other suitable means of identifying a torpedo car 20. The means in which the torpedo 
car 20 is labeled, is also not limited to numeric, but may also be labeled with letters, 
alphanumeric, or any other form of indicia. 

After the torpedo car has been identified at the block 210, the thermal history 
of the torpedo car 20 may be obtained at a block 212. The thermal history of the 
torpedo car may be obtained from a database located on the controller 48, but may be 
obtained from any viable storage means. The values obtained from the thermal history 
of the torpedo car 20 may include thermal values representing one or more reference 
temperature ("RT") and a hotspot temperature ("HT") of the torpedo car 20 over a 
period of time. 

The reference temperature of the torpedo car 20 may be a temperature on the 
torpedo car 20 that is less affected by the temperature of the molten metal 70 than 
other parts of the torpedo car 20, and/or may be a temperature on the torpedo car 20 
that is more effected by other temperature varying factors such as ambient 
temperatures, humidity levels, general weather conditions such as rain or snow and 
wind conditions, than other parts of the torpedo car 20. For example, as seen in Fig. 
6, the reference temperature may be obtained by measuring the temperature in or near 
the areas defined by Reference Point ("RP") and RP 1 . These areas are less affected by 
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the temperature of the molten metal 70 and/or are more affected by other temperature 
varying factors, because these areas are removed enough from the molten metal to 
exhibit temperature variations independent of the molten metal temperature, and are 
close enough to be exposed to the same temperature varying factors. 

The hotspot temperature of the torpedo car 20 is the highest indicated 
temperature on the torpedo car 20. For example, the hotspot temperature is most 
likely the temperature taken at the thinnest point on the torpedo car 20 that is in close 
proximity to the molten metal 70 called the "hotspot 1 '. Therefore, the hotspot and 
hence the hotspot temperature representative of the hotspot, is indicative of the 
longevity and current integrity of the torpedo car 20. 

At a block 214 the user and/or software may obtain one or more reference 
temperatures of the torpedo car 20 via the captured image at the block 208. Similarly, 
at a block 216 the user and/or software may obtain one or more hotspot temperatures 
of the torpedo car 20 via the captured image at the block 208. 

Once the current hotspot temperature and reference temperature is obtained 
from the torpedo car 20, the user and/or software can, at a block 218, use those 
temperature along with the temperatures obtained from the thermal history of the 
torpedo car 20 to calculate or normalize the torpedo car 20 temperatures. 

For example, as seen in Figs. 14 and 16, the hotspot temperatures of torpedo 
cars "17" and "362" vary from day to day. (Figs. 14 and 16 are each graphical 
representations of uncorrected hotspot temperatures recorded from the torpedo car 
"17" (Fig. 14) and the torpedo car "362" (Figs. 16) over a several week period. Figs. 
15 and 17 are each graphical representations of corrected or normalized hotspot 
temperatures of the torpedo car "17" (Fig. 15) and the torpedo car "362" (Figs. 17). 
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More specifically, as seen in Fig. 14, graph section one indicates that the 
hotspot temperature of torpedo car "17" is increasing from approximately three- 
hundred fifty degrees Fahrenheit to approximately four hundred seventy- five degrees 
Fahrenheit. This would indicate that the torpedo car "17" is becoming weaker and its 
walls are getting thinner, which would hence indicate that the torpedo car "17" needs 
to be pulled from service if the maximum allowable hotspot temperature is five 
hundred degrees Fahrenheit. Once the hotspot temperature is normalized, however, 
(Fig. 15) it becomes obvious that the hotspot temperature of the torpedo car "17" is in 
fact not increasing, but is staying approximately the same at three hundred seventy- 
five degrees Fahrenheit. 

Similarly, as seen in Fig. 16, graph section one indicates that the hotspot 
temperature of torpedo car "362" is decreasing from approximately five hundred 
degrees Fahrenheit to approximately four-hundred fifty degrees Fahrenheit. This 
would indicate that the torpedo car "362" is becoming stronger and its walls are 
getting thicker, which would hence indicated that the torpedo car "362" is becoming 
better with usage and should not be pulled from service. Once the hotspot 
temperature is normalized, however, (Fig. 17) it becomes obvious that the hotspot 
temperature of the torpedo car "362" is in fact not decreasing, but is increasing 
steadily, as would be expected. 

To achieve the normalized hotspot temperature the user and/or software 
obtains past reference temperatures ("RT") from the torpedo car 20 and averages 
those temperate values ("AVRT"). By averaging the past reference temperature 
values, a more realistic and true reference temperature is obtained. In other words, by 
averaging the past reference temperatures, the temperature variants due to external 
factors, such as weather and ambient temperature, are removed. 
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The actual temperature variations ("ATV"), due to external factors, affecting 
the torpedo 20 can be obtained by subtracting the reference temperature (RT) from the 
average of the past reference temperatures ("AVRT"). The corrected or normalized 
hotspot temperature ("NORMHSPOT") is then obtained by adding the actual 
temperature variations (ATV) to the hotspot temperature (HT). These calculations 
can be presented as follows: 

AVRT - RT = ATV 
HT + ATV = NORMHSPOT 

At the block 220, the temperature information may be saved to the database of 
the controller 48, or to any other means of storing information. 

If, at block 222, the normalized hotspot temperature is above a certain 
predetermined value, the torpedo body 22 may, at a decision diamond 224, be deemed 
to have a weak or thin spot that may jeopardize the integrity of the torpedo car body 
22. 

If such a determination is made, control may pass to a block 226, where the 
thermal imaging system 45 may activate an alarm 64. The thermal imaging system 45 
may include an alarm 64 configured to activate upon receiving, or failing to receive, a 
signal. As such, in one exemplary embodiment, the thermal imaging system 45 may 
include, as shown in Fig. 11, the alarm 64. Such alarms may be audible, visual, or 
tactile in nature, or may be automated so as to cease operation or take other corrective 
action as needed. 

If, however, at the decision diamond 224 the thermal imaging system 45 
determines that all the temperature values and hence the integrity of the torpedo body 
22 are within the acceptable predetermined limits, the torpedo car 20 passes and the 
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routine 200 returns to the block 202 for the thermal imaging system 45 to await the 
next torpedo car 20. 

The foregoing detailed description has been given for clearness of 
understanding only and no unnecessary limitations should be understood therefrom, 
5 as modifications may be obvious to those skilled in the art. 
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